Method of Structural Design of Heavy Machine Tools  by Kovalov, Viktor et al.
 Procedia Technology  22 ( 2016 )  146 – 152 
Available online at www.sciencedirect.com
ScienceDirect
2212-0173 © 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the “Petru Maior” University of Tirgu Mures, Faculty of Engineering
doi: 10.1016/j.protcy.2016.01.023 
WK,QWHUQDWLRQDO&RQIHUHQFH,QWHUGLVFLSOLQDULW\LQ(QJLQHHULQJ,17(5(1*2FWREHU
7LUJX0XUHV5RPDQLD
0HWKRGRI6WUXFWXUDO'HVLJQRI+HDY\0DFKLQH7RROV
9LNWRU.RYDORYD<DQD$QWRQHQNRD3UHGUDJ'DãLüE
D'RQEDVV6WDWH(QJLQHHULQJ$FDGHP\'6($EXO0DVKLQRVWURLWHOH\.UDPDWRUVN8NUDLQH
E6D7&,33XEOLVKHU/WG3LMDFD9UQMDþND%DQMD6HUELD
$EVWUDFW
7KLVSDSHUSUHVHQWVDPHWKRGRIDUUDQJHPHQWWKHIUDPHVRIKHDY\ODWKHVZLWKGLVSHUVHGIRUFHVDORQJWKHFRRUGLQDWHD[HVRIWKH
ORDGVWKDWDFWRQWKHPDFKLQHZKLOHLWLVUXQQLQJ0DWKHPDWLFDOPRGHOVRIODUJHEHDULQJV\VWHPVWDNLQJLQWRDFFRXQWW\SLFDODQG
ERXQGDU\ORDGVDUHGHYHORSHG7KHILHOGWULDOVRIWKHDFWLRQRIIUDPHVDUHFRQGXFWHG:HDQDO\]HGWKHPRYHPHQWRIWKHIUDPHRQ
WKHFRRUGLQDWHD[HVGXH WR LWV ORDGLQJ$VROLGPRGHOLQJDQG UHVHDUFKRI VXSSRUWRIKHDY\ ODWKHXVLQJDSDFNDJH6ROLG:RUNV
6LPXODWLRQDUHFRQGXFWHG7KHSHUVSHFWLYHZD\VWRIXUWKHULPSURYHWKHDFFXUDF\RIPDFKLQHWRROVDUHSURSRVHG
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKH³3HWUX0DLRU´8QLYHUVLW\RI7LUJX0XUHV)DFXOW\RI(QJLQHHULQJ
.H\ZRUGVDFFXUDF\ULJLGLW\VXSSRUWIUDPHRIVXSSRUWDWHFKQRORJLFDOV\VWHPPRGHOLQJ
,QWURGXFWLRQ
0RGHUQWUHQGVLQPHFKDQLFDOHQJLQHHULQJWKHWUDQVLWLRQWRWKHXVHRIDXWRPDWHGPDFKLQHWRROVKDYHUHTXLUHPHQWV
WRLQFUHDVHDFFXUDF\RIWKHVL]HDQGTXDOLW\RIWKHPDFKLQHGVXUIDFHVRIPDFKLQHSDUWVDQGGHYLFHV7KLVLVGXHWRWKH
DSSHDUDQFH RI QHZPRUH SUHFLVLRQPDFKLQHV DQG LQVWUXPHQWV ,W LV QR DFFLGHQW VLQFH WKH V RI WKH WK FHQWXU\
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+RZHYHUWKHHIILFLHQF\RIWKHVHPRGHOVGRHVQRWDOZD\VJLYHDVDWLVIDFWRU\UHVXOWVLQFHWKH\LQVXIILFLHQWO\WDNH
LQWR DFFRXQW WKH LPSDFW RI WKH FRPSOH[PXOWLD[LV HODVWLF V\VWHP RIPDFKLQH IRU VWDWLF DQG G\QDPLF VWLIIQHVV RI
WHFKQRORJLFDO V\VWHP WKHUHIRUH WKH TXDOLW\ RI WUHDWPHQW ,Q DGGLWLRQ WKH DEVHQFH RI GHSHQGHQFLHV GHVFULELQJ WKH
HIIHFWRIHODVWLFPXOWLD[LVPDFKLQHWRROV\VWHPWRVWLIIQHVVRIWHFKQRORJLFDOV\VWHPDQGWKHDFFXUDF\GRHVQRWDOORZ
XQLTXHO\LGHQWLI\WKHUDQJHRISDUDPHWHUVWKDWSURYLGHWKHVWDWXVRIWKHPDFKLQHDFFXUDF\LQRSHUDWLRQ$QDO\VLVRI
GHVLJQVFKHPHVEDVHGRQWKHIRUHJRLQJFRQFHSWVKRZVWKDWWKHVWLIIQHVVRIWKHPXOWLD[LVHODVWLFPDFKLQHWRROV\VWHP
LVYDULDEOHDQGGHSHQGVRQWKHUDWLR3]DQG3\FRPSRQHQWVRIWKHFXWWLQJIRUFHUHODWLYHGLVSODFHPHQWRIWKHHOHPHQWV
RIWKHV\VWHPRIVWLIIQHVVRQWKHVRFDOOHGPDLQD[HVRIWKHULJLGLW\RIWKHV\VWHPWKHSRVLWLRQRIWKHPDLQD[HVRI
ULJLGLW\LQWKHWLPHDQGRWKHUIDFWRUV>@,QRWKHUZRUGVFRQVLGHULQJWKHWHFKQRORJLFDOV\VWHPEDVHGRQV\QHUJHWLF
WKHRU\RIVHOIRUJDQL]LQJV\VWHPVZHFDQVD\WKDWWKHULJLGLW\RIWKHPDFKLQHDVHOHPHQWRIWHFKQRORJLFDOV\VWHP
GHWHUPLQLQJWKHDFFXUDF\VWDWHPDFKLQHREH\VWRWKHSULQFLSOHRIVHOIRUJDQL]DWLRQLQVSDFHRIWKHZRUNLQJDUHDRI
WKHSURFHVVLQJGHWDLO LQ UHDOWLPH ,Q WKLV UHJDUG UHVHDUFKDQGGHVFULSWLRQRI WKH LQIOXHQFHRI WKHPXOWLD[LVHODVWLF
PDFKLQH V\VWHPRQ WKH VWLIIQHVVRI WKH WHFKQRORJLFDO V\VWHPDQGTXDOLW\RI WUHDWPHQW WREHXVHG LQPDWKHPDWLFDO
PRGHOV RI WKH PDQDJHPHQW RI PDFKLQLQJ SURFHVV DQG IRU GHWHUPLQLQJ WKH PDFKLQH QRUPDOL]HG SDUDPHWHUV RI
VWLIIQHVVZKLFKDUHVXEMHFW WRHQVXUHLQSURFHVVRIGHVLJQLVDQDFWXDOVFLHQWLILFFKDOOHQJH7KHSXUSRVHRIZRUNLV
LPSURYLQJWKHTXDOLW\RIWKHZRUNSLHFHVRQWKHEDVLVRIWKHSUHGLFWLRQDFFXUDF\RIWKHPDFKLQHLQUHDOWLPHWDNLQJ
LQWRDFFRXQWWKHSDUWRILWVKDUGQHVVGLVWULEXWLRQLQWKHVSDFHRIWKHZRUNLQJDUHD
0HWKRG
:HDUHFXUUHQWO\GHYHORSLQJDPHWKRGSURFHVVPDQDJHPHQWWUHDWPHQWRQ&1&PDFKLQHVRQDSULRULLQIRUPDWLRQ
EDVHG RQ WKH SUHGLFWLRQ DFFXUDF\ RI SURFHVVLQJZLWK WKH H[WHUQDO SHUWXUEDWLRQV LQ WKH WHFKQRORJLFDO V\VWHP >@
0DFKLQLQJHUURU LVDULVLQJIURPGLVSODFHPHQWRI WKHHOHPHQWVRIPDFKLQHXQGHU WKHDFWLRQRIH[WHUQDO IRUFHV WRD
JUHDWHUH[WHQWE\WKHULJLGLW\RIWKHV\VWHPDORQJWKHYHFWRURIDSSOLHGIRUFH/HWXVH[DPLQHPRUHFKDUDFWHUHUURUVLQ
WKHSURFHVVLQJRIPDFKLQH WRROV:HGLVWLQJXLVK WKH WZRJURXSVRIHUURUV HUURUVRI VL]HDQGVKDSHRI WKH VXUIDFH
HUURU6L]HHUURUPXVWEHXQGHUVWRRGDV WKHDULWKPHWLFPHDQGHYLDWLRQRI WKHSRVLWLRQVRI WKHVXUIDFHSRLQWV LQ WKH
GLUHFWLRQRI WKHSRVLWLRQXQGHU UHYLHZJLYHQ WKH VL]HRI WKHGUDZLQJ)RUH[DPSOH WKHGLDPHWHUGHYLDWLRQFDQEH
UHSUHVHQWHGDV
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ZKHUHO±ORQJLWXGLQDOFRRUGLQDWHRIWKHF\OLQGHUĳ±DQJXODUFRRUGLQDWHU±UDGLDOFRRUGLQDWHRIWKHVXUIDFHU
±UDGLXVRIDJLYHQGUDZLQJ
7KHHUURURIIRUPDQGSRVLWLRQJHQHUDOO\UHSUHVHQWVWKHGLIIHUHQFHEHWZHHQWKHFRRUGLQDWHSRLQWVZLWKPLQLPXP
DQGPD[LPXPGHYLDWLRQZLWKVLJQ
PLQPD[ UUU  '   
)URPWKLVLWLVHDV\WRXQGHUVWDQGWKDWWKHHUURURIVL]HLQLWVSURSHUWLHVDUHLGHQWLFDOWRWKHVHWWLQJWKHVL]HRIWKH
WHFKQRORJLFDOV\VWHPFDXVHGE\LWVFKDQJHDQGWKXVFDQEHFRPSHQVDWHGE\LWVFKDQJHZKLOHWKHHUURUVKDSHRIWKH
VXUIDFHPD\WRWDOO\QRWGHSHQGRQWKHGLPHQVLRQDOFRQILJXUDWLRQRIWKHWHFKQRORJLFDOV\VWHP>@)RUWKLVUHDVRQ
WKHVXUIDFHVKDSHHUURULVPXFKPRUHVHULRXVSUREOHPWKDQWKHHUURURIWKHVL]HHVSHFLDOO\IRUKHDY\PDFKLQHV7KLV
VWDWHPHQW LV DOVR FRQILUPHG E\ WKH DQDO\VLV RI WKH RSHUDWLQJ H[SHULHQFH RI KHDY\ PDFKLQHU\ HTXLSPHQW LQ D
SURGXFWLRQ HQYLURQPHQW ,Q WKLV DQDO\VLV LW KDV EHHQ LGHQWLILHG DQG FODVVLILHG WKH IDFWRUV WKDW KDYH D VLJQLILFDQW
LPSDFWRQHDFKVSHFLILFW\SHRIHUURUDQGIRXQGWKDWWKHPRVWVLJQLILFDQWIDFWRULQDVVHVVLQJWKHEDODQFHRISUHFLVLRQ
LVWKHSUHFLVLRQRIVKDSHLQORQJLWXGLQDOVHFWLRQ)UDPHRIKHDY\PDFKLQHVFRQVLVWRIVHYHUDOVHFWLRQVFRQQHFWHGWR
HDFKRWKHULQWKHZKROHVXSSRUWVWUXFWXUH7KHVHWWOHPHQWDQGH[SHULPHQWDOLQYHVWLJDWLRQVRIHODVWLFGHIRUPDWLRQV
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FDVWDQGFRPSRXQGEHGIUDPHVZHUHFRPSDUHG7KHSUREOHPVDIIHFWWKHDFFXUDF\RIWKHWLJKWHQHGMRLQWFRPSRXQG
IUDPHV>@)RUFRQYHQLHQFH WKHDQDO\WLFDO UHVHDUFK VWLIIQHVVRI WKH MRLQWRIEHQGLQJPRPHQWDQG WKH VKHDULQJ
IRUFHLVUHSUHVHQWHGDVHTXLYDOHQWVWLIIQHVVDQGGDPSLQJ
ܥ௘௤ ൌ ܥ௕ ൌ ଵௌಾ ൌ ܥ௥Ǥ௝ ൅ ܥ௥Ǥ௕Ǥ݇௘௤ ൌ ݇௥Ǥ௝ ൅ ݇௥Ǥ௕ 
ܥ௥Ǥ௝݇௥Ǥ௝UHGXFHGFRHIILFLHQWVRIVWLIIQHVVDQGGDPSLQJSLQFRQQHFWLRQLQWHUIDFH
ܥ௥Ǥ௕Ǥ݇௥Ǥ௕UHGXFHGFRHIILFLHQWVRIVWLIIQHVVDQGGDPSLQJRIEROWHGFRQQHFWLRQVDUUDQJHGLQWKHMRLQWSRUWLRQ
,WZDVGHVLJQHGZHOGHGEHGIUDPHRIKHDY\ODWKH6XSSRUWV\VWHPRIWKHPDFKLQHFRQVLVWVRIWZRVWDQG2QHWZR
IODQJHV EHG IUDPH IRU EDVLQJ DQG IL[LQJ WKHZRUN SLHFH7KH VHFRQG WZR IODQJHV EHG IUDPH LV XVHG WRPRYH WKH
FDOLSHU(DFKRIDIUDPHFRQVLVWVRIWZRVHFWLRQVLQWHUFRQQHFWHGE\EROWV7KHOHQJWKRIHDFKVHFWLRQLVP2QWKH
EDVLV RI WKH FDOFXODWLRQ RI OLPLW YDOXHV RI GLVWULEXWHG ORDGV ZKLFK DFW RQ WKH EDVH IUDPH VXSSRUW PRGHOLQJ RI
GHIRUPDWLRQ VWUHQJWK E\PHWKRG RI ILQLWH HOHPHQWV ZLWK SDFNDJH RI WRROV &RVPRV:RUNV ZHUHPDGH >@$
PHWKRGIRUOLQNLQJWKHWUDLOVRIKHDY\ODWKHVZLWKDV\VWHPRIIRUFHVGLVWULEXWHGRYHUWKHD[HVRIORDGVWKDWDFWRQWKH
PDFKLQH GXULQJ LWV RSHUDWLRQ+HDY\PRGHOLQJ ODWKH EHGZLWK FDSDFLW\ RI  WRQV LV SURGXFHG WR GHWHUPLQH WKH
VWLIIQHVV RI WKH VXSSRUW V\VWHP XQGHU WKH DFWLRQ RI VWUHVVHV DULVLQJ LQ WKH SURFHVVLQJ RI SDUWV 7R VXPPDUL]H WKH
PRGHO KDG WR VLPSOLI\ WKH FDOFXODWLRQ RI WKH SDUDPHWHUV VROLG PRGHO DQG VLPXODWH WKH EDVH IUDPH LQ SDUWV 7KH
ORDGLQJIUDPHRIVXSSRUWKHOGLQWZRSODFHVDWWKHMXQFWLRQRIWKHWZRVHFWLRQVDQGDWDGLVWDQFHRIPPIURP
WKHHGJHRIWKHVHFWLRQ)LJVKRZVDQHPERGLPHQWRIWKHORDGLQJIUDPHDWWKHMXQFWLRQRIWKHWZRVHFWLRQV>@


)LJ7KHILQLWHHOHPHQWPHVK

)LJ$QDO\VLVRIWKHPRYHPHQWRIWKHIUDPHRQWKHFRRUGLQDWHD[HVDORQJ;DQG=DVDUHVXOWRIWKHORDGLQJIUDPHDWWKHMXQFWLRQRIWKHWZR
VHFWLRQV
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7KHDQDO\VLVRIWKHGLVSODFHPHQWRIWKHD[HVZDVPDGHRQ)LJ)LJVKRZVDGLDJUDPRIWKHORDGLQJEHGRID
VXSSRUWDWDGLVWDQFHRIPPIURPWKHHGJHRIWKHVHFWLRQ

)LJ7KHILQLWHHOHPHQWPHVK
7KHDQDO\VLVRIWKHGLVSODFHPHQWRIWKHD[HVZDVPDGH


)LJ$QDO\VLVWKHPRYHPHQWRIWKHIUDPHRQWKHFRRUGLQDWHD[HVDORQJ;DQG=DVDUHVXOWRIWKHORDGLQJIUDPHDWDGLVWDQFHRIPPIURP
WKHHGJHRIWKHVHFWLRQ
$VZH FDQ VHH IURP WKH DERYH ILJXUHVPD[LPXP UHVXOWDQW GLVSODFHPHQW IURP DFWLRQ RI WKH DSSOLHG IRUFHV DUH
ZLWKLQ DFFHSWDEOH YDOXHV IRU WKLV FODVV RI PDFKLQH 7KH UHVHDUFKHV DQG WKH WULDOV RI D VXSSRUW DV D SDUW RI WKH
WHFKQRORJLFDOV\VWHPRIWKHPDFKLQHLQWKHHQYLURQPHQWRI6ROLG:RUNV6LPXODWLRQKDYHEHHQFDUULHG7KHVXSSRUW
KDVEHHQORDGHGZLWKWKHFDOFXODWHGPD[LPXPFXWWLQJIRUFHZKLFKFRUUHVSRQGVWRWKHURXJKLQJ3] N13\ 
N13[ N17KHUHZDVDOVRDIRUFHRIJUDYLW\$VDVXSSRUWLQJVXUIDFHUHFHLYLQJWKHORDGVZHUHWKHVXUIDFHVWR
FRPHLQWRFRQWDFWZLWKWKHIUDPH

)LJ7KHVFKHPHRIORDGLQJRIDVXSSRUW
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
)LJ7KHLQWHUQDOYROWDJHRIPHWDOVWUXFWXUH
$QDO\]LQJWKHGLDJUDPVZHFDQFRQFOXGHWKDWWKHHQWLUHFRPSRQHQWVVXSSRUWJURXSKDYHSDVVHGWKHWHVWEHFDXVH
WKHPD[LPXPVWUHVVVWDWHDUHLQWKHJUHHQ]RQHRIWKHVFDOHFRUUHVSRQGLQJWRWKHQRPLQDOORDGFHOO


)LJ7KHPRVWORDGHGVHFWLRQVRIDVXSSRUW
([SHULPHQWDOUHVXOWV
7KHUHVXOWVRIWKHRUHWLFDOVLPXODWLRQZHUHFRPSDUHGZLWKWKHUHVXOWVRIILHOGWHVWVRQWKHWUDLOVULJLGLW\UHDOVL]HVLQ
WKH ODERUDWRU\ 3$7 .=76 )LJ  :H KDYH UHDFKHG D VDWLVIDFWRU\ DJUHHPHQW RI WKHRUHWLFDO DQG H[SHULPHQWDO
UHVXOWV ZKLFK DOORZV WKH XVH RI WKH PHWKRGRORJ\ GHYHORSHG IRU UHVHDUFK DQG GHVLJQ UHDO PDFKLQHV RI D QHZ
JHQHUDWLRQ%DVHGRQWKHVHLQYHVWLJDWLRQVVHOHFWRQHRUPRUHSDUDPHWHUVRIWKHWHFKQRORJLFDOV\VWHPZKDWDXWRPDWLF
FRQWUROOLQJZRXOGEHPRVWHIIHFWLYHO\LQFUHDVHDFFXUDF\RIWUHDWPHQW7KHSURSRVHGV\VWHPRIDGDSWLYHPDQDJHPHQW
LVRQHRIWKHVROXWLRQVWRWKHSUREOHPRIREWDLQLQJLQIRUPDWLRQDERXWWKHFXUUHQWSDUDPHWHUVRIWKHWUHDWPHQWSURFHVV
6SLWHRIWKHODUJHQXPEHURIGHYHORSPHQWVLQWKLVILHOGWKHV\VWHPXQGHUFRQVLGHUDWLRQIDYRUDEO\LQWKDWDOORZV\RX
WRPHDVXUHDQGWDNHLQWRDFFRXQWWKHGHIRUPDWLRQRIWKHZRUNSLHFHLQFOXGLQJODUJHZKLFKLVHVSHFLDOO\LPSRUWDQWLQ
WKHSURFHVVLQJRIQRQULJLGZRUNSLHFHVRQKHDY\PDFKLQHV
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
)LJ7KHPRVWORDGHGVHFWLRQVRIDEHGSODWH

)LJ&RPSDULVRQRIWUDLOVULJLGLW\WHVWV
$QDO\VLV RI WKH KHDY\ PDFKLQH LQGLFDWHV WKH QXPEHU RI WDVNV WKDW QHHG WR EH DGGUHVVHG LQ WKHLU GHVLJQ DQG
RSHUDWLRQ7KH\DUHLQFUHDVHWKHKDUGQHVVRIEHDULQJV\VWHPVRIPDFKLQHWRROVPLQLPL]LQJWKHHODVWLFGHIRUPDWLRQ
RI WKH WUDLOV WKURXJK WKH RSWLPDO SODFHPHQW RI VXSSRUW VWDII ZLWK WKH KHOS RI ZKLFK IUDPH DUH LQVWDOOHG RQ WKH
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